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Discussion
1. Introduction
In RAN1#63, RAN1 [1] agreed to configure restricted subsets of subframes for CSI measurements via RRC signaling and 0 or 2 subframe subsets can be configured per UE. In this contribution we discuss details on restricted CSI measurement patterns. 
2. Discussion
Due to the adoption of ABS, interference could change significantly from subframe to subframe. If no measurement restriction is adopted, eNB will not know over which subframe the measurement is made thus may schedule the UE in the subframe whose interference characteristic is very different from that of the measured subframe. Such biased information of UE channel condition will cause transmission failure or inefficient channel usage. To avoid being misinformed, eNB shall configure UE with subsets of subframes that exhibit similar interference characteristic so that the UE will report similar outcomes irrespective of the specific subframes it measures within the subset. If no subframe subsets are configured for a UE, the UE shall have similar interference characteristic for all subframes.
Proposal 1: Each configured subset should contain subframes of similar interference characteristic. A UE should be configured with restricted subframe subsets unless it has similar interference characteristic across all subframes.
In the following we study the interference variation of a UE given the ABS pattern configurations of its interfering cells to decide whether it needs to be configured with CSI measurement restriction patterns and how to configure the two subframe subsets if the configuration is indeed needed. 
For a given UE, we denote the sum of its interference and thermal noise as Itot under the assumption that all its interfering cells are in non-ABS. We also order the interfering cells in decreasing order of their interference and denote the sum interference from the first N cells as IN, and the sum interference from the next M cells as IM. The determination of “the first N cells” and “the next M cells” is dependent on the serving and neighboring cell types as shown in the examples later this section. 
We consider four scenarios: 1, 2, 1a and 1b.
· Scenario 1: all the N cells are in ABS, the total interference at the UE is I1<Itot - IN. 
· Scenario 1a: all the N cells are in ABS and all the M cells are in ABS, the total interference at the UE is I1a< Itot - IN-IM.

· Scenario 1b: all the N cells are in ABS and all the M cells are in non-ABS, the total interference at the UE is I1b>IM.
· Scenario 2: all the N cells are in non-ABS, the total interference at the UE is I2> IN    
If, for a certain value of N, I2 over I1 is large (e.g. >8dB) and both scenarios 1 and 2 happen frequently (e.g. >15%), it is recommended to configure the UE with CSI measurement restriction patterns. If no measurement restriction is applied, eNB will not be able to tell if CSI measurement report from a UE is obtained during scenario 1 or 2, whose channel condition could be vastly different (e.g. >8dB difference).
For such UE that requires measurement restriction, we need to decide its measurement restriction pattern based on whether it is under significant interference from the N cells. 
If the UE is under significant interference from the N cells, it will only be scheduled in the N cells’s ABS. For example, it may be a macro UE that is significantly interfered by a nearby femtocell so it is only scheduled in the femtocell’s ABS or it may be a pico UE in the extended pico cell coverage area that is significantly interfered by the overlay macro cell so it is only scheduled in the macro cell’s ABS. For such UEs, if, for certain value of M, I1b over I1a is large (e.g. >8dB) and both scenarios 1a and 1b happen frequently, (e.g. >15%), it is recommended to configure the two subframe subsets to be 

1. the intersection of the N cells’ ABSs and the M cells’ ABSs
2. the intersection of the N cells’ ABSs and the M cells’ non-ABSs.

On the other hand, if the UE is not under significant interference from the N cells and it can be scheduled in all subframes, it is recommended to configure the two subframe subsets to be  
1. the intersection of the N cells’ ABSs 

2. the intersection of the N cells’ non-ABSs.
Some examples of configuring CSI measurement restriction patterns are provided below:

Example 1: A pico UE at the extended area of its serving pico cell which is located near the center of the overlay macro cell. The PUE is only scheduled in the ABS of the overlay macro cell. In this case, N is equal to 1 and M is equal to the number of first tier neighboring macro cells (which is typically equal to 6), and the two restricted subframe subsets are set to be 
1. the intersection of the overlay macro cell’s ABSs and the first tier neighboring macro cells’ ABSs
2. the intersection of the overlay macro cell’s ABSs and the first tier neighboring macro cells’ non-ABSs
Example 2: A pico UE near the center of its serving pico cell. The PUE can be scheduled in any subframe. In this case, N is equal to the number of first tier neighboring macro cells and M does not need to be configured, and the two restricted subframe subsets are set to be 

1. the intersection of the first tier neighboring macro cells’ ABSs

2. the intersection of the first tier neighboring macro cells’ non-ABSs
Example 3: A macro UE free from femtocell interfernce. The MUE can be scheduled in any subframe. In this case, N is equal to the number of first tier neighboring macro cells and M does not need to be configured, and the two restricted subframe subsets are set to be 

1. the intersection of the first tier neighboring macro cells’ ABSs

2. the intersection of the first tier neighboring macro cells’ non-ABSs

Example 4: A macro UE under significant femtocell interfernce. The MUE can be scheduled only in the femtocell’s ABS. In this case, N is equal to 1 and M is equal to the number of first tier neighboring macro cells, and the two restricted subframe subsets are set to be 

1. the intersection of the femtocell’s ABSs and the first tier neighboring macro cells’ ABSs

2. the intersection of the femtocell’s ABSs and the first tier neighboring macro cells’ non-ABSs

Example 5: A femto UE. The FUE can be scheduled in any subframe. In this case, N is equal to the number of first tier neighboring macro cells and M does not need to be configured, and the two restricted subframe subsets are set to be 

1. the intersection of the first tier neighboring macro cells’ ABSs

2. the intersection of the first tier neighboring macro cells’ non-ABSs

Note that in addition to UEs that are under significant interference from neighboring cells (example 1 and 4), UEs that are not near a very strong interfering cell (example 2, 3, 5) may also need to be configured with CSI measurement restriction patterns according to our analysis. This is in sharp contrast with RLM/RRM measurement restriction configurations [2] where no resource restriction for serving cell measurement is needed if UE is not under significant interference from neighbouring cells.  
Proposal 2: CSI measurement restriction configuration should not be identical to RLM/RRM measurement restriction configuration.   
Proposal 3: UE that is not under significant interference from a neighboring cell should also be configured with CSI measurement restriction patterns if its serving and/or interfering cells use ABS.     
Also note from the five examples that “the first N cells” and “the next M cells” can typically be determined easily based on the serving cell type and whether a very strong interfering cell exists. Specfic UE location and ranking of neighboring cells based on their interference level may not be necessary. Thus we recommend having a cell wide CSI measurement restriction configuration in addition to UE specific configuration. For example, macro cell could broadcast cell wide CSI measurement restriction configuration as configured in example 3 but send dedicated signalling for specific CSI measurement restriction configuration for UEs under significant femtocell interference as configured in example 4.
Proposal 4: Both cell wide measurement restriction configuration and UE specific measurement restriction configuration should be allowed.  
3. Conclusion
In this contribution we discuss the detailed design of CSI measurement restriction patterns. Based on our analysis, we have following proposals:

Proposal 1: Each configured subset should contain subframes of similar interference characteristic. A UE should be configured with restricted subframe subsets unless it has similar interference characteristic across all subframes.
Proposal 2: CSI measurement restriction configuration should not be identical to RLM/RRM measurement restriction configuration.
Proposal 3: UE that is not under significant interference from a neighboring cell should also be configured with CSI measurement restriction patterns if its serving and/or interfering cells use ABS.
Proposal 4: Both cell wide measurement restriction configuration and UE specific measurement restriction configuration should be allowed.
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